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Objective: RENAL nephrometry score (RNS) has been proposed as an anatomical classiﬁcation system for
renal masses to investigate the inﬂuence on perioperative outcomes and complications. The aim of this
study was to assess the system for external validation on laparoscopic partial nephrectomy (LPN).
Materials and methods: The single-surgeon database enrolled patients who had undergone LPN from
December 2008 to September 2013. Renal tumors were divided into low-, intermediate-, and high-
complexity groups according to the RNS sum score. We reviewed perioperative outcomes including
operation time (OT), length of stay (LOS), estimated blood loss (EBL), ischemia time (IT), conversion to
open surgery rate, estimated glomerular ﬁltration rate (eGFR), and complications. We also assessed the
individual characteristic parameters in the present study. The data was collected retrospectively and
analyzed by SPSS Statistics 18.
Results: A total of 53 patients were enrolled, with a mean age of 49.2 years. Of the 53 patients, there were
15 low-, 26 intermediate-, and 12 high-RNS lesions. Signiﬁcant difference was observed in major
complication rate between low- and high-score groups. Both radius and nearness were independent
predictors of major complication rate. Also, there was a signiﬁcant difference in eGFR change between
low- and high-complexity tumor group. Fair degree correlation was found between IT and eGFR change
(p < 0.05).
Conclusion: The RNS is a valuable tool to categorize renal tumors based on the anatomic features when
predicting major complication rate. The renal function can be affected after a high-complexity tumor
surgery is performed. Also, IT is a fair degree correlation factor of the renal function loss.
Copyright © 2016, Taiwan Urological Association. Published by Elsevier Taiwan LLC. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Partial nephrectomy is advocated for renal tumors and had been
strongly recommended if there is no contraindication. This tech-
nique produces equivalent cancer control and minimizes the risk of
renal insufﬁciency. The anatomical features of the renal masses and
the technical skill of the surgeon are two important factors for
surgical options. Although the option of laparoscopic partialsu Village, Yanchao District,
).
ociation. Published by Elsevier Ta
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institution, Urological Sciennephrectomy (LPN) can be challenging and requires advanced
laparoscopic skills, the potential beneﬁts of LPN are decreased
mortality, shorter hospitalization, and preservation of renal func-
tion, while providing cancer control compared to open partial ne-
phrectomy. The RENAL nephrometry score (RNS), described in 2009
by Kutikov and Uzzo,1 may be useful for characterizing tumors in
surgical series and be a tool for selecting the optimal surgical
treatment. The aim of this study was to present our interim results
of LPN to assess the use of the RNS, which has been proposed as an
anatomical classiﬁcation system for renal masses to investigate the
inﬂuence of its individual components on perioperative outcomes
and complications.iwan LLC. This is an open access article under the CC BY-NC-ND license (http://
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ce (2016), http://dx.doi.org/10.1016/j.urols.2015.11.115
C.-Y. Wu et al. / Urological Science xxx (2016) 1e522. Materials and methods
2.1. Patients and data collection
From December 2008 to September 2013, a total of 58 consec-
utive patients with one renal tumor who had been treatedwith LPN
by a single surgeonwere enrolled. Five of themwho had undergone
combined surgery, such as laparoscopic cholecystectomy or renal
cyst unrooﬁng, were excluded. Of the 53 enrolled patients, the
medical records were retrospectively reviewed. All patients un-
derwent preoperative imaging with contrast-enhanced computed
tomography or magnetic resonance imaging and a single radiolo-
gist interpreted the image. Tumor size and location, depth of in-
vasion into the renal parenchyma, and relationship to the hilar
structures were determined from preoperative imaging.
Patients were divided into low- (4e6), intermediate- (7e9), and
high-complexity groups (10e12) according to the RNS sum score
with group sizes of 15 patients (28%), 26 patients (49%), and 12
patients (23%), respectively. The preoperative characteristics
assessed were age, gender, body mass index, society of anesthesi-
ologists (ASA) score, and estimated glomerular ﬁltration rate
(eGFR) (Table 1). The value of eGFR was calculated by the Modiﬁ-
cation of Diet in Renal Disease simplify equation.2 Perioperative
outcomes assessed included operation time (OT), ischemia time
(IT), estimated blood loss (EBL), and hospital length of stay (LOS).
Postoperative complications were categorized by the modiﬁed
ClavieneDindo classiﬁcation system.3 ClavieneDindo scores of less
than or equal to 2 were considered minor complications, whereas
those greater than 2 were considered major complications. We
reviewed themedical records and looked for delayed complications
until 6 months after surgery. The complications were categorized
into urogenital complications and others that are listed in detail in
Table 2. The major and overall complication rate in results and
discussion represent urogenital complications only. The eGFR data
were calculated 1 day before surgery and then at the 1st, 3rd, 6th, 9th,
and 12th month postoperatively.2.2. Surgical procedures
The decision regarding the surgical route, transperitoneal or
retroperitoneal approach, was made prospectively and was based
on the tumor location, depth, previous operation history, and the
surgeon's experience. A ureteral catheter was placed at the begin-
ning of the operation under cystoscopy and then changed positionTable 1
Preoperative characteristics and perioperative outcomes of the low-, intermediate-,
and high-complexity groups.
Low
(n ¼ 15, 28%)
Intermediate
(n ¼ 26, 49%)
High
(n ¼ 12, 23%)
p
Age (y) 51.7 ± 13.4 49.8 ± 13.9 44.7 ± 13.5 0.311
Gender, n (%)
Male 9 (60) 6 (23) 3 (25)
Female 6 (40) 20 (77) 9 (75)
eGFR (mL/min/1.73 m2) 61.4 ± 14.9 65.7 ± 16.7 72.6 ± 13.4 0.365
BMI (kg/m2) 25.7 ± 3.8 23.6 ± 3.0 25.1 ± 5.6
ASA score  3, n (%) 5 (33.3) 5 (19.2) 4 (33.3)
OT (min) 283 ± 88 279.8 ± 41.9 304.6 ± 75.8 0.403
IT (min) 28.5 ± 13.7 32.3 ± 12.5 39.3 ± 24.8 0.427
EBL (mL) 157.0 ± 120.4 192.1 ± 231.4 220.4 ± 205.2 0.883
LOS (d) 6.9 ± 1.5 8.6 ± 6.2 8.8 ± 3.6 0.206
Conversion rate (%) 0 4 8 0.535
*p < 0.05.
ASA ¼ American Society of Anesthesiologists; BMI ¼ body mass index;
EBL ¼ estimated blood loss; eGFR ¼ estimated glomerular ﬁltration rate;
IT ¼ ischemia time; LOS ¼ length of stay; OT ¼ operation time.
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laparoscopic partial nephrectomy in a single institution, Urological Sciento decubitus or semilateral surgical position. After scoring the tu-
mor location, we used a laparoscopic bulldog clamp for hilar con-
trol. Cold scissors were used to excise the tumor bed with Ligasure
coagulating the visible vessels. Defects of the collecting system
were repaired by a vitamin B complex solution via ureter catheter, if
placed, followed by repairing it with Vicryl sutures. The raw surface
was covered by surgical bolster and compressed using interrupted
whole layer chromic sutures. The use of Tissel depended on the
patient's will for enhancing the hemostasis.2.3. Data analysis
Statistical analysis was performed using the KruskaleWallis test
for numerical variables, the Chi-square test for complication rate
comparison, and the Pearson correlation coefﬁcient for correlation.
Statistical tests were performed using SPSS Statistics 18 and
p < 0.05 was considered statistically signiﬁcant.3. Results
The mean age of 53 patients, including 36 women and 17 men,
was 49.9 ± 13.5 (25e82) years with a mean RNS sum score of 7.74
(4e11), and the average eGFR was 66.8 ± 15.5 mL/min/1.73 m2.
There was a signiﬁcant difference in major complication rate be-
tween the low-, intermediate-, and high-complexity groups.
However, no statistical differences were observed in minor com-
plications and overall complication rate of genitourinary category,
and in other perioperative outcomes, including OT, IT, EBL, LOS, and
conversion rate. The mean and standard deviation of investigating
outcomes are described in Table 2.
We also assessed the inﬂuence of the perioperative outcomes by
individual parameters. The radius, which represents the tumor size,
had the same ﬁnding as the sum score in the major complication
rate (0% vs. 19.2% vs. 33.3%, p ¼ 0.016). The major complication rate
was also affected by the proximity of the tumor to the collecting
system or polar location of the tumor alone in the present study and
the major complication rate of each parameter is shown in Figure 1.
In the RNS system, sufﬁx represents that the tumor is about the
main renal artery or vein, which has a signiﬁcant difference be-
tween two groups in change of eGFR at postoperative 12th
month, 0.1 versus 24.2 mL/min/1.73 m2 (p ¼ 0.005).
The minor complications include intraoperative or post-
operative blood transfusion, urinary tract infection, and ileus. One
and two patients had urinary leak that needed percutaneous or
internal drainage in the intermediate- and high-complexity groups,
respectively. Each of the intermediate- and high-complexity groups
had one patient developing postoperative kidney bleeding that
needed selective arterial embolization. The overall complication
rate in each parameter is shown in a bar chart (Figure 2). Conver-
sion from LPN to conventional open surgery is not considered as a
factor for complication in the present study. We analyzed this
condition separately and the result was the same as the afore-
mentioned result.
None of the patients in the cohort needed dialysis during the
follow-up period. There was a signiﬁcant difference in post-
operative eGFR change between the low- and high-complexity
groups at the postoperative 12th month (p ¼ 0.032). However,
therewas no statistic difference between intermediate- versus low-
or high-complexity group and the data of postoperative eGFR
change is shown in Figure 1. When it comes to the correlation be-
tween IT and renal function loss, the Pearson correlation coefﬁcient
between IT and eGFR change of postoperative 1st, 3rd, 6th, 9th, and
12th month are 0.374, 0.520, 0.488, 0.371, and 0.244
(p ¼ 0.011, < 0.001, 0.003, 0.052, and 0.230), respectively.RENAL nephrometry score to assess the perioperative parameter for
ce (2016), http://dx.doi.org/10.1016/j.urols.2015.11.115
Table 2
Complication category and interventions for complications.
All patients
n ¼ 53
Low-complexity group
(n ¼ 15)
Intermediate-complexity
group (n ¼ 26)
High-complexity group
(n ¼ 12)
Minor Major Minor Major Minor Major
Genitourinary (%) 39 (73.6) 5 (33.3) 0 (0) 17 (65.4) 5 (19.2) 9 (75.0) 4 (33.3)
Urinary leak 3 d d d 1a d 2a,b
Pseudoaneurysm 1 d d d 1c d d
Perinephric hematoma 4 d d d 3c d 2c
Perinephric abscess d d d d d d d
Urinary tract infection 2 d d 2 d d d
Pyelonephritis d d d d d d d
Acute kidney injury 3 d d 2e d 1e d
Dialysis d d d d d d d
Gross hematuria 25 5 d 13d d 7d d
Blood transfusion 1 d d d d 1 d
Others (%) 16 (30.2) 7 (46.7) 0 (0) 6 (23.1) 0 (0) 3 (25.0) 0 (0)
Death d d d d d d d
Pneumonia d d d d d d d
Respiratory failure d d d d d d d
Atelectasis 1 d d d d 1 d
Pneumothorax d d d d d d d
Pleural effusion 2 1 d 1 d d d
Deep vein thrombosis d d d d d d d
Ileus 5 2 d 3 d d d
Epigastralgia 3 1 d 1 d 1 d
Diarrhea 1 1 d d d d d
Gastric ulcer/bleeding d d d d d d d
Gout 3 2 d d d 1 d
a Percutaneous drainage.
b Internal drainage with double-J stent.
c Transarterial embolization.
d Tranexamic acid injection.
e Furosemide injection.
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Figure 1. Postoperative estimated glomerular ﬁltration rate (eGFR) change in low-, intermediate- and high-complexity groups. *p < 0.5.
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For early-stage renal tumors, nephron-sparing surgery is a
standard therapeutic modality nowadays. As the minimal invasive
technique and instrument improvement, LPN is feasible and should
be considered to conventional open partial nephrectomy with
respect to oncologic and perioperative outcomes.4e7 However, LPN
is still a challenging surgery because IT will impact postoperative
renal function and EBL needs to be controlled with skilled hands.4,8
The present study assessed the use of the RNS to predict sur-
gical outcomes in patients undergoing LPN. Kutikov and Uzzo1
proposed the RNS as a reproducible system for describing a
renal mass. The RNS incorporates information about ﬁve features
of the tumor that have been reported to affect the complexity of
surgery. If the RNS reﬂects relevant tumor anatomy and surgical
complexity, then surgical outcomes should correlate with thePlease cite this article in press as: Wu C-Y, et al., External validation of R
laparoscopic partial nephrectomy in a single institution, Urological Scienscore. Another well-known nephrometry score is the preoperative
aspects and dimensions used for an anatomical classiﬁcation
system, described by Ficarra et al,9 which evaluates the anatomic
complexity of renal tumor by tumor size, anterior or posterior
location, longitudinal location, margin location, relationship with
the sinus, relationship to the collecting system, and tumor deep-
ening into the parenchyma. The overall complication rate can be
predicted in this initial cohort study.9 These two systems are
nowadays well known and broadly used for describing renal tu-
mors; some articles compare the two systems and conclude that
both systems are reliable.10e12
In our study, we found that the RNS was a valuable predictor to
predict the possibility of complications, that is consistent with a
cohort which included 390 robotic and 314 open partial nephrec-
tomies from the Fox Chase Cancer Center (founder of the RNS), in
which the major complication rate was higher than the others.13ENAL nephrometry score to assess the perioperative parameter for
ce (2016), http://dx.doi.org/10.1016/j.urols.2015.11.115
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Figure 2. Individual component of RENAL nephrometry score (RNS) for major complication rate prediction. H: sufﬁx h, 1: null, 2: present. L: location to polar line. SUM: sum RNS
score: 1: low, 2: intermediate and 3: high complexity. *p < 0.05 (the p value is 0.035, 0.606, 0.011, 0.152, 0.182 and 0.023 in R, E, N, L, H and SUM group, respectively). E ¼ exohytic-
endophytic rate; N ¼ nearness to collecting system; R ¼ radius; RNS ¼ RENAL nephrometry score.
C.-Y. Wu et al. / Urological Science xxx (2016) 1e54Hayn et al7 reported that complications do not differ in 159
consecutive LPNs. However, the high-complexity group numbers
were small and less than in our study (18% low, 49% intermediate,
and 23% high). The other two articles presented the same statistic
results: Roushias et al14 had a lesser rate in the high-complexity
group (5%) and Mufarrij et al15 had a high proportion of low-
complexity tumors treated by robotic partial nephrectomy. We
also investigated all of the parameters to see if there is an inde-
pendent predictor for perioperative outcomes and the result
seemed that radius or nearness to the collecting system alone can
also predict major complication rate (Figure 2).
Previous studies have reported clinical outcomes that were
based on anatomical features of renal masses. Nadu et al16 and
Frank et al17 both compared central versus peripheral tumors
treatedwith LPN and reported increased IT and LOS associated with
central tumors; there was no difference in overall complications.
Other previous studies have reported that high-complexity RNS is
associated with increased LOS, EBL, and IT.18 However, these dif-
ferences cannot achieve a statistically signiﬁcant result in our study,
whichmay be caused by the small case numbers. By contrast, RNS is
a tool to evaluate the difﬁculty of the surgical procedure, but does
not directly indicate perioperative outcomes such us EBL, LOS, and
IT that may be controlled in a considerable range in a well-trained
laparoscopic team. However, complications, especially the major
ones, occurredmore frequently in high-complexity groups, because
the critical anatomy still caused complications even though we had
paid close attention to it.
The eGFR change, which may be caused by more normal tissue
loss during the resection and the increased IT, could also be
observed in the high-complexity group in our study. Although the
IT did not differ in the RNS classiﬁed groups in the other articles,
our data was consistent with a cohort of 134 patients8 and proved
the moderate correlation between IT and eGFR change. The p value
became nonsigniﬁcant at postoperative 9th and 12th month, which
may due to some missing data.
Despite the beneﬁts of partial nephrectomy, this procedure is
uniquely associated with a risk of urine leak compared with radical
nephrectomy. The complication of urinary leak was 5.6% in the
present study and consistent with the 2e10.5% risk reported in the
literature.19, 20 There was a clamping trend of urinary leakage ratePlease cite this article in press as: Wu C-Y, et al., External validation of
laparoscopic partial nephrectomy in a single institution, Urological Scienfrom 0% in the low-complexity group and 3.8% in the intermediate-
complexity group to 16.7% in the high-complexity group as the
complexity increased, and the same result (1.8% low, 10.1% inter-
mediate, and 28% high with overall 10.8%, p < 0.001) was reported
by Roushias et al.14 In our practice, one of the urinary leaks was
treated by internal drainage using double-J ureter stenting and two
of the rest received percutaneous drainage. The incidence of kidney
bleeding after partial nephrectomy is low. Kidney bleeding can be
immediate or delayed andmay cause severe consequences.21When
dealing with kidney bleeding, including pseudoaneurysm and per-
renal hematoma, we arranged transarterial angiography and then
selective embolization was performed in all kidney bleeding cases
in the present study, except for one patient categorized as
belonging to the intermediate group, in whom any active bleeder
under angiography was not detected.
The present study has limitations and the major one is the
small sample size. There may be some inaccuracies with learning
curve dynamics and change in techniques and instruments
developing in the time interval of 5 years. Oncologic outcomes
such as positive margin and recurrence rate were not mentioned
in this article, neither were the tumor characteristics. Further
study including a large sample size should be performed to
enhance the evidence.
In conclusion, RNS is a valuable tool to categorize renal tumors
based on the anatomic feature when predicting complication rates.
Both radius and nearness to the collecting system can be used to
predict complication rate alone and the most signiﬁcant impacting
parameter is nearness to the collecting system. The renal function
will be impacted after a high-complexity tumor surgery and IT is a
moderate correlation factor of the renal function loss.Conﬂicts of interest
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